Objective. The objective of this study was to evaluate the incidence of diabetes among patients with PsA and RA in the general population.
Introduction
PsA and RA are both chronic, progressive and destructive joint diseases that are associated with systemic inflammation and often lead to significant complications. Diabetes risk may be elevated due to inflammatory arthritis, although studies of diabetes in RA patients have had inconsistent results [1, 2] and diabetes risk, specifically in PsA, has not been previously reported. As psoriatic skin disease (PsO) is associated with diabetes, independent of obesity and other traditional diabetes risk factors [3, 4] , diabetes risk in PsA may be elevated due to the systemic inflammatory burden from both skin and joint disease. Furthermore, the prevalence of obesity in PsA patients is greater than in PsO or RA patients, conferring diabetes risk [5] . Therefore, due to underlying systemic inflammation and obesity, we suspected diabetes risk in PsA may be greater than that seen in inflammatory skin disease or joint disease alone. To address these issues, we evaluated the risk of incident diabetes among persons with PsA and RA in a large UK cohort in which data on obesity and lifestyle variables have been collected. To demonstrate the previously shown association with PsO (as a positive control) [4, 6] , we also analysed diabetes risk among individuals with PsO.
Methods

Data source
The Health Improvement Network (THIN) is a database of electronic medical records in which general practitioners (GPs) in the UK have systematically recorded data on approximately 7.3 million patients. Because >92% of the British population is registered with a GP [7, 8] , THIN is a population-based cohort representative of the UK general population. THIN includes demographics, details from GP visits, specialist referrals and hospital admissions, results of laboratory tests and additional health information. The Read code classification is used to identify specific clinical diagnoses, and a drug dictionary based on the Multilex classification is used to code medications [911] . Health information is recorded with quality control procedures to maintain high data completion rates and accuracy. Thus THIN data represent routine medical practice in a population-based setting.
Study design and cohort definitions
We conducted a cohort analysis of incident diabetes among adults with incident PsA (PsA cohort) compared with age-, sex-and entry year-matched individuals without PsA (comparison cohort) using data from THIN. We conducted equivalent cohort analyses among individuals with incident PsO and RA. Participants were required to be continuously enrolled in the database for 12 months prior to inclusion in the cohort, and those with diabetes prior to study entry were excluded.
PsA and PsO were defined using the earliest diagnostic code for the respective condition using the Read classification [10, 11] , definitions previously found to have positive predictive values (PPVs) of 85% and 90%, respectively, in THIN [12, 13] . Secondary definitions of PsA and PsO included at least two diagnostic codes for the respective conditions.
Our primary definition for RA required one RA diagnostic Read code followed by at least one prescription for a DMARD using THIN drug codes based on the Multilex classification [9] . This RA definition has been found to have a specificity of 96% (vs the 1987 ACR criteria) [14] . Secondary definitions of RA included (i) a single diagnostic record for RA and (ii) at least two visits with RA diagnoses [2] .
For the comparison cohorts corresponding to each exposure cohort, we matched up to 10 individuals without the corresponding exposure condition to each exposed subject based on age, sex and year of study entry. Our study period was 1 January 1986 through 31 May 2010. Participants entered the cohort when all inclusion criteria were met or the matched date for subjects in the comparison cohorts. Participants were followed until they developed diabetes, died or the follow-up ended, whichever came first.
Diabetes mellitus outcome assessment Our outcome of interest was development of diabetes requiring medication treatment. Diabetes was defined by a prescription for a medication used for the treatment of diabetes, including all insulin preparations and oral agents, as done previously [2] .
Assessment of covariates
Data on demographics, BMI, smoking and alcohol use were collected from the database using the most recent value before study entry. We calculated the Charlson co-morbidity index using Read diagnostic codes and assessed glucocorticoid use during the 12 months prior to diagnosis of the respective exposure condition (RA, PsA or PsO), or the matched date for subjects in the comparison cohorts.
Statistical analysis
We compared the baseline characteristics between the exposure cohorts (i.e. PsA, PsO and RA cohorts) and corresponding comparison cohorts. We identified incident cases of diabetes during follow-up and calculated incidence rates (IRs) for diabetes. We estimated the cumulative incidence of diabetes in each cohort accounting for the competing risk of death [15] . Examination of log-log survival curves for each of the exposure variables (RA, PsA and PsO) in our model demonstrated that assumptions of proportional hazards were met. We employed Cox proportional hazard regression models to assess the multivariable-adjusted hazard ratios (HRs) after stratifying by matched clusters (age, sex and calendar year of study entry). We imputed missing values for BMI and smoking using a sequential regression method based on a set of covariates as predictors (IVEware for SAS, version 9.2; SAS Institute, Cary, NC, USA) [16] . To minimize random error, we imputed five datasets and then combined estimates from these datasets. The imputed datasets were used for all primary analyses. Our multivariable analyses were further adjusted for baseline assessments of BMI (in kg/m 2 , using the World Health Organization classification), smoking (non-smoker, current smoker and past smoker), use of oral and topical glucocorticoids, and Charlson comorbidity index. For all HRs, we calculated 95% CIs. All P-values were two-sided. This study was approved by the UK National Health Service Research Ethics Committee (Protocol 12-007) and was judged exempt from review by the Boston Medical Center Institutional Review Board (Protocol H-31390).
Results
Our smoking, oral and topical glucocorticoids use and mean comorbidity indices. Patients with PsO and PsA had higher frequencies of current alcohol use than their respective comparison cohorts. The cumulative incidence of diabetes in each cohort is depicted in Fig. 1 . New diagnoses of diabetes occurred among 179 persons during 24 625 person-years (PY) in the PsA cohort, among 2202 persons during 345 507 PY in the PsO cohort and among 383 persons during 61 087 PY in the RA cohort, corresponding to incidence rates of 7.3, 6.4 and 6.3 cases per 1000 PY, respectively ( Table 2) . As shown in Fig. 1 , the risk of diabetes was higher among PsA, PsO and RA subjects than their counterparts, respectively. Relative to the comparison cohorts, the age-, sex-and entry time-matched HRs for diabetes were 1 Table S1 , available at Rheumatology Online); (iii) restriction to only those subjects without missing values for covariates (supplementary Table S2 , available at Rheumatology Online); (iv) exclusion of subjects who were ever prescribed oral steroids (supplementary Table S3 , available at Rheumatology Online); (v) exclusion of subjects ever prescribed oral or topical steroids (supplementary Table S4 , available at Rheumatology Online) and (vi) restriction of RA cases to those after 1995, to evaluate diabetes risk in a more recent context (multivariable HR 0.96, 95% CI 0.84, 1.00; data not shown).
Discussion
In this large general practice cohort representative of the UK population, we found that diabetes risk was 72% higher among individuals with PsA than age-and sexmatched individuals without PsA. When we took baseline BMI, smoking, alcohol use and other covariates into account, the association was attenuated, but remained significant (33% increase over the comparison cohort). In contrast, the overall risk of diabetes among individuals with RA was only 12% higher than age-and sex-matched individuals without RA, and this increased risk was nullified after adjustment for lifestyle risk factors. This finding was replicated using alternate definitions of RA and other sensitivity analyses. Taken together, our findings provide the first general population evidence of increased diabetes risk specifically in PsA and the lack of an increased risk in RA after adjustment for obesity and lifestyle factors.
These findings suggest that obesity and lifestyle factors partially explain the increased risk of diabetes in PsA and PsO patients. Indeed, in the general population up to 91% of type 2 diabetes is attributable to obesity, smoking and alcohol [17] . However, these three factors have also been associated with the risk of incident PsO, and obesity has been associated with the risk of PsA, which leads to the potential for confounding and the need to adjust for such factors in estimating diabetes risk [18] . These risk estimates were similar to those from a large prospective cohort study (Nurses' Health Study) in which the risk of diabetes among individuals with PsO was attenuated after FIG. 1 Cumulative incidence of diabetes in the PsA, psoriasis and RA cohorts and age-, sex-and cohort entry-matched comparison cohorts. Similar confounding likely exists in assessing the impact of RA on diabetes risk, because development of RA is more common among smokers and obese individuals [1921] . Although our unadjusted HR (1.12) of diabetes in RA patients was directionally consistent with the previous Canadian study (crude HR 1.5) [2], risk in our cohort disappeared after adjustment for obesity and lifestyle factors (HR 1.01), whereas the increased risk in the Canadian study did not change after adjustment for available covariates in the insurance claim database (BMI and lifestyle variables unavailable). The HR for diabetes for RA patients in our study was lower than in the Canadian study due to the lower diabetes incidence rate in our RA population (6.3 vs 8.6 cases per 1000 PY), not due to different incidence rates in the comparison populations (5.7 vs 5.8 cases per 1000 PY). Further supporting the absence of any increased risk, the Olmsted County RA cohort reported a crude diabetes incidence rate ratio of 0.78 [1] . Finally, our consistent results from multiple sensitivity analyses provide no support for an independent impact of RA on the risk of diabetes.
The differential risks of diabetes in RA and PsA, despite both being progressive arthritic conditions associated with systemic inflammation, may indicate different mechanisms for the development of diabetes. Although obesity is common in both populations, PsA patients tend to have higher BMIs than RA patients (29.6 vs 27.9), and differences in body composition (central obesity or fat mass) may potentially be associated with differential effects of adipocytokines [5, 22, 23] . Notably, systemic inflammation has also been associated with insulin resistance and diabetes, suggesting an inflammatory basis for diabetes [24] . The arthritic component of PsA may further add to the inflammatory mechanisms due to PsO. However, it remains unclear which, if any, inflammatory factors specific to psoriatic conditions underlie the increased diabetes risk. Therefore, in addition to obesity-associated metabolic factors, immune-mediated inflammatory processes specific to psoriatic conditions could provide the potential links between PsA and diabetes.
The strengths and limitations of our study deserve comment. This study was performed using a large UK general practice database and therefore findings are likely to be generalizable to the general population. Our database is derived from the electronic medical records used for patient care, thus the overall diagnostic accuracy is expected to be high [13, 14, 25] , but remains a potential concern. For example, the PPV estimate for PsA based on a relatively small sample size was 85% [12] . However, any non-differential misclassification would have biased the study results toward the null, and our results persisted in sensitivity analyses that used alternate definitions of PsA, PsO and RA. We attempted to define populations with incident PsA, PsO and RA. However, it is possible that some subjects did not truly have incident disease, in which case our diabetes risk estimate would reflect diabetes risk among those with new-onset and long-standing PsA, PsO or RA. While there were missing values for covariates in some subjects, it was reassuring that our primary results with imputation closely agreed with those restricted to only those subjects without missing values. Finally, as our study assessed the main links between PsA, PsO, RA and the risk of diabetes, future studies may identify more specific risk factors for diabetes related to these rheumatic conditions. In conclusion, this large general population study suggests that the overall risk of diabetes is increased in PsA, which is partially explained by obesity and lifestyle factors. Nevertheless, PsA (and PsO) remained associated with the risk of diabetes even after taking these factors into account. In contrast, we found that the risk of diabetes among patients with RA was entirely due to obesity and smoking. Overall, these findings suggest that diabetes risk should not be ascribed only to the presence of inflammatory disease. Future diabetes prevention efforts may be directed at weight loss and smoking cessation, in addition to treatment of the underlying disease, in PsA and PsO patients.
Rheumatology key messages
. Diabetes risk in RA patients was elevated due to known risk factors. . Diabetes risk in PsA was due to known risk factors and the underlying disease.
